The physical processes that can remove a smoke particle from an aerosol stream are direct interception, inertial impaction, and diffusional deposition. Electrical and gravitational effects were not considered because they play an insignificant role in the removal of smoke particles ( 1). Particle trajectory Figure 1 illustrates the streamlines for viscous flow in the vicinity of a cylindrical filament oriented perpendicularly to the smoke-flow direction. Perpendicular orientation is used for illustrative purposes only and does not imply filter construction. If the particle shown with a radius rp is moving along streamline A or B, it will contact a filament in its normal course, a process referred to as direct interception. The usual assumption is that all particle-filament contacts are effective. When a particle is moving along C or D, contact with the filament can take place by two processes. In one case, the momentum of the particle will cause it to deviate from the streamline because of its tendency to move in a straight line. If this effect i~? sufficient, contact can take place, and the particle is removed by inertial impaction. Alternatively, Brownian motion can cause the particle to cross streamlines and come in contact with a filament, which is referred to as diffusional deposition. Impaction is favored by high velocities and large particles; diffusion is favored ·by small particles and low velocities.
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DISCUSSION

Filtration of Smoke Through Standard CelluloseAcetate Filters
Smoke filtration in a standard cellulose-acetate filter is considered to occur with all parameters except the smoke velocity held constant. This standard filter is characterized by a packing density (the volume fraction of cellulose acetate in the filter, a) of 0.094 and a length of 17 mm; it is composed of 3·3 den./fil. acetate with a # 10 (Y) cross section. ~ The primary assumption is that filtration can be described by the following relationship (2.):
Co is the initial concentration of the smoke, and C is the concentration of the smoke penetrating the filter. In this context, penetrating means passing all the way through the filter. The mean velocity of the smoke is v. G '(v), D'(v), and l'(v) are the contributions from impaction, diffusion, and interception. An equation of this type allows the cooperative contribution of three processes that affect the same response. The relationship between smoke-particle removal and smoke-particle velocity for each of the three mechanisms operating independently is known from theoretical considerations and experimental verification:
1. Inertial impaction is proportional to vi, 2.. Diffusional deposition is proportional to ~1•, 3· Interception is independent of velocity.
Therefore,
It is convenient to convert the fraction of smoke particles penetrating the filter c~ to the percent penetrating the filter, P, and to convert to log1o, whidt leads to 2.-log P = Gv /av-'"la) + 1.
[5]
Experimental data on the total removal of smoke partides versus the smoke velocity is shown in Figure 2 ..
The velocity of maximum penetration (vp) is apparently greater than 70 cm sec:--1. More recent information obtained but not shown in the graph, indicates that vp is greater than 100 cm sec:--1. Humphrey and Gaden studied the penetration of 1-~t spheres through glass mats composed of 16-~ filaments (3). They found vp to be between 30 and 6o cm sec:--1 • Friedlander (4) found that, in general,
for any given system where dp is the particle diameter.
The 16-~-diameter filament used by Humphrey was reasonably close to the size of the acetate filaments used in our testing; the major difference betweenHumphrey's system and ours was particle diameter. If the average particle diameter of cigarette smoke is taken to be 0. Relatlonehlp between (2-log P) and
• t J .
0.12 ~---:!-~~~~-~-~~~---:-~---:!-~~~~--::" where the independent variable x represents velocity and the dependent variable y represents (2.-log P). This approach does not impose a Vp on the system. From a computer analysis of this multiple linear regression approach, it was concluded that the x2 term is ·not statistically significant; i.e., impaction makes no contribution in this velocity range, and the following relationship is obtained: indicates that that value of 2.85 cm sec:--1 for vp is a good approximation to the true value.
Filtration of Smoke Through Experimental Filters
The foregoing conclusions are valid only for the kind of system used to obtain the data, i.e. a standard filter construction. Another system of interest is one in which the acetate filaments are perpendicular to the direction of flow rather than more or less parallel, as in a standard filter. Special filters with perpendicularly oriented filaments were constructed, and data similar to that from the standard filter were obtained. The techniques previously described were used in the analyses. The value of 2.85 cm sec-1 , which was used for vp, as in the standard filter experiments, led to the following equation:
2.-log P = o.603 X 1o-7 (v 2 ) + o.62.8v-"l• + .0904.
[1o]
At the nominal velocity of 35 cm sec-1 , a total of 31 °/o of the smoke was removed; of this amount, 6o 0 /o was removed by interception and 40 °/o by diffusion, the sanie distribution as in the previous study. Inertial impaction makes no contribution. When the data are treated by multiple linear regression, i.e. without imposing a value of Vp, the following relation is obtained: 2.-log P = o.618v-' 1 • + .0947. [u] This is essentially the same as Equation 10 at low velocities and, of course, gives the same relative distribution of percent removal between the mechanisms. It was concluded that in this experimental velocity range the relative efficiency of the operative mechanisms is independent of filament orientation. The experimental filters from which the previous data were obtained were constructed to give the same pressure drop as conventional filters, 2..5 in. of water. The total smoke-particle removal by the filaments oriented perpendicularly to the flow direction was less than the removal by the conventional filters, 31 Ofo versus 36 °/o. However, only 65 °/o of the normal amount of acetate used in the conventional filters was required to prepare the experimental filters with the desired pressure drop. Decreasing the amount of acetate by 35 °/o decreases the removal by only 14 {)/o. Thus, conventional orientation is more efficient based on removal per unit pressure drop, whereas perpendicular orientation is more efficient based on removal per unit mass of cellulose acetate.
Relationship Between Smoke-Particle Removal and Filter-Packing Density
The packing density (a) is defined as the volume fraction of cellulose acetate in the filter. The velocity profile about a given fiber is altered by the presence of other fibers. Therefore, the efficiency of a given fiber is a function of fiber concentration. In addition, this variation in single fiber efficiency will be different for each of the three mechanisms of smoke particle removal. Under controlled experimental conditions, it was demonstrated that single fiber efficiency varies with paCking density in the following manner (5):
1. Impaction Y1 = Yo1(1 + uoa), 2.. Diffusion Y2 = Yo2(1-4a), 3· Interception Ys = Yos(1 + 3oa). 
Packing density
The single fiber efficiency is defined such that the product aY 1 is the contribution to the total removal due to impaction at a certain a value. The term Yot is the single fiber efficiency at a= o, i. e. for the isolated fiber. For the diffusion term, the single fiber efficiency decreases with increasing paCking density. This has been qualitatively explained in terms of a shielding effect for the case of nonparallel orientation (6) . The same form as that used in Equation 1 is applicable for the relationship between removal and paCking density: Since the term Yot(1 + uoa) represents the removal due to impaction at a, it can be equated to the impaction term in Equation 7· ayo1(1 + 1ooa) = 0.77 X 1o-7 (vi!).
[13]
The ren:taining terms in Equation 13 can also be equated to terms in Equation 7; therefore, Yot, Yo2, and yos can be evaluated at a given velocity. The calculations for nominal conditions yield the following:
2.-log P = o.88 X 10-4(1 +uoa)a+1.28(1-4a)a+o.332(1 +:soa)a.
[14]
Summation of terms gives:
2.-log P = 1.6ua + 4~89ai!.
[15]
Equation 15 can be used to predict the smoke particle removal over an extended range of paCking densities. Figure 4 illustrates a plot of this relationship, and shows some of the experimental data obtained on a conventional filter. A similar relationship can be derived for the filters made of perpendicularly oriented filaments.
Different constants will be obtained but they will be approximately proportional to those obtained for standard filters.
SUMMARY
The results of this analysis suggest that a filter geometry which will allow smoke to pass at a lower than normal velocity is desirable to improve filter ef6ciency. This improved efficiency is due to the major contribution of the diffusion mechanism and the insignificant contribution of the impaction mechanism to the 6ltration process. lower than normal velocities will also reduce the pressure drop. If a 6lter can be designed to operate at a lower velocity, and therefore at a lower pressure drop, it is desirable to have the acetate 61aments oriented perpendicularly to the Row direction of the smoke. This geometry gives higher removal per unit weight of acetate than the geometry of a conventional filter. 
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